New surface modification processes, such as surface smoothing and shallow implantation, have been demonstrated using the gas cluster ion irradiations because of their unique interaction between cluster ions and surface atoms. High ion dose is need to realize the nano-level smoothing and etching of hard materials with increasing the productivity of processing using cluster ion beam. In order to achieve high current cluster ion beam, the cluster generation, ionization and ion transportation were studied. The intensity of neutral cluster beam increased with source gas pressure. The efficient ionization and extraction were realized by structural improvement of the ionizer. As a result, when the gas pressure was 15000 Torr and the electron emission current is 300mA, the beam current reached 500uA. With this beam current, 6 inches wafers can be treated with 1x10 16 ions/cm 2 for about 10 minutes.
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